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WARNING 



The procedures described in this manual and the 
resulting end products are extremely dangerous. 
Whenever dealing with high explosives, special 
precautions must be followed in accordance with 
industry standards for experimentation and production 
of high explosives, Failure to strictly follow such 
industry standards may result in harm to life and limb. 

Therefore, the author, publisher, and distributors of 
this book disclaim any liability from any damages or 
injuries of any type that a reader or user of infor 
K. mation contfli ned within th is hook may encour : ter from 

uae °/ sa | d information. Use the material 
.. P resen ted in this manual and any end product or by- 
product at your own risk. 

This book is for information purposes only. 




Chapter One 

INTRODUCTION 
TO EXPLOSIVES 




omc of the most feared, misused, am 
least understood substances on - 
face of the earth are energetic materi- 
als. In the broadest sense, energetic 
materials can cover everything 
from combustibles to high exp lo- 
sives. One way of defining this wide 
range of materials is to consider 
them as stuff (compounds or mix- 



lures of compounds) that undergoes a change or, moie 
accurately, a decomposition which results in the genera- 
tion of energy. The rate of change can be the slow burn- 
ing of combustibles or the rapid chemical decomposition 

of a high-order explosive. 

Regardless of the type of energetic material, it cannot 
undergo a decomposition until sufficient energy has first 
been added to get the process started { ignition or initia- 
tion). The energy added to the material can be m the 
form of heat, impact, friction, shock, or any combination 

of these energy sources (See Fig. 1). 

Once a material Starts to undergo decomposition, it 
also begins to change Into new ma terial. The new materi- 
al is said to be in a more stable state, or is less merge w 
than the original material. For instance, when a P lst ’ G o 
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wuuu ™ ges mt0 smoke and ashes, which are 
noncombustible. Therefore, the burning of wood produced 
nonenergetic material, or a mure stable type of stuiT 
The same thing happens during the decomposition of 

a ? Th6 SMr for2 ‘ ed ^ ** decom- 

K^Tonl C .rf;?dt 1S 31 "K™ stable suite 

or compounds. Of interest to the explosives engineer the 
decomposition of an explosive material produces w! 
volumes of gases < kind of ike smoke) and mini™ ? 

of residue (kind of like ashes), all of which are . nts 

med by the release of vast amounts of heat. mpa " 

This rapid production of gases from the decomnositfor. 
of an explosive results in the formation of a high-nres- 

where deC[>ra Position is taking 

L! T i. important concept to understand 
■' j cause this generation of pressure is one of the l.fonoe 
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we want to put to use. For example, if the energetic 
material is inside of some closed or partially closed con- 
tainer (a hole in the ground, a building, etc.), then the 
pressure formed by decomposition could be large enough 
to push the container apart. Out in the open, the pres- 
sure, if built up fast enough, will push against objects 
and move or destroy them, kind of like a strong wind. 

On the oilier hand, if the decomposition of the ener- 
getic material is extremely fast, the area of decomposi - 
tion is preceded by shock or stress waves which move ou t 
through the surrounding media (while pressure is a 1st 
being built up in the area of decomposition). Of impor- 
tance to us is the fact that this shock wave contains so 
much energy that it will break things around it. Th c 
shock wave, unlike pressure, does not push against an 
object; it actually enters the object and breaks it apart 
from the inside. It is this combination of pressure and 
shock-wave generation that makes energetic materials 
both useful and hazardous. . . : i ’ 

In the preceding paragraph, the general public’s con- 
cept of an explosion (decomposition fast enough to gener- 
ate pressure or pressure and shock) was introduced. In 
more scientific terms, if the decomposition of energetic 
material occurs at a rate greater than the speed of sound, 
the decomposition process is cal led detonation. When an 
energetic material is capable of undergoing detonation- 
type decomposition, that ensx'getic material is called a 
high explosive. The actual speed at which the detonation 
moves {propagates ) through the energetic material is 
referred to as the materials detonation velocity, and it is 
often used as a tool for classification of high explosives. 

If, on the other hand, the energetic material under- 
goes decomposition at a rate less than the speed oi 
sound, the decomposition process is called deflagration 
(superfast burning). Energetic materials that decompose 
through dellagration are referred to as low explosives, 
and they do not generate a shock wave. A general rule oi 
thumb "for the dividing line between detonation and 
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deflagration 33 a decomposition velocity of about 3,000 
feet per second (Ips). 

If the decomposition rate is very slow, it is referred to 
as combustion, or burning. Combustion is the normal 
form of' decomposition for materials (for the most part 
nonenergetic) that have been ignited, In most cases of 
combustion, there is very little, if any, pressure generat- 
ed. However, as in almost all things, there are exceptions 
to the rule, and under special conditions both energetic 
and nonenergetic materials can be made to burn, defla- 
grate, or detonate. 
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Chap ter Two 



PI-IYSICS OF 
ENERGETIC 
MATERIAL 
DECOMPOSITION 






nder standing the physical process of 
an explosion requires a brief look at 
the physics associated with energetic 
material decomposition. The key physi- 
cal parameters associated with 
this decomposition are heat, pres- 
sure, and shock. In this chapter, the 
interaction and interdependency oi 
these parameters will DC discussed. 



DEFLAGRATION 

Deflagration of energetic materials is an exothermic 
redox reaction. In more common terms, it is a reaction 
that, once initiated, generates sufficient energy to sus- 
tain the reaction. The actual physics of initiation ol 
energetic materials is very complex and beyond the 
scope of this text. It is sufficient to know that ignition 
occurs when an external energy source introduces enei- 
gy to an energetic material, causing hot spots to form on 

orin the material. 

Figure 2 is a microscopic representation or a near-si > - 
face cross section of energetic material. The stipp e 
rectangles represent the general nonhomogenous {ma c 
up of more than one type of stuff) and nonisc tropic (stu . 
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Figure 2. Introduction of energy 



that is not all Lhe same shape or does not lie in * b 
direction; character of most commnr, 1 the sam ' 

als. The crossha tched blrx:ks represent thnf ^ Q ? ateri 
material that are most susceptible to the L* ° 

P V 1 ? 15 be)ug produced. If the energy wasW^ 
hap f ^" 0m an adjacent fire, the crosThatS h llV por 
would he those portions of the material m ^ blocki 

ble to heat energy. Whatever the StLm a i fi SUeCepti 

interaction ®± mptI r ta n ? l ° recognize that the^nitia 
S5SKS3T ^^tic material ^ 
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material can cause adiabatic compression of tiny gas bub- 
bles entrapped within the explosive mixture; (2) deforma- 
tion or movement of the material can cause frictional 
heating when the surfaces of solid ingredients are rubbed 
together; and (3) rapidly flowing materials can generate 
viscous heat as they are forced through the explosive In 
most cases of deflagration, there will be more than one 
hot-spot generation mechanism at work. The resuLtant 
hot spot initially is very small (10 J to 10 J ' cm in diameter, 
or .001 to .00001 cm) relative to the explosive mixture’s 
overall volume. Although unlikely, if there were no sensi- 



tive areas or voids in the explosive mixture, but spots 
could not form and thus no explosion would occur. When 
this does happen (often due to overcompaction ), tb e 
explosive is considered as being dead-pressed. 

Once the energetic material has been exposed u > exter- 
nal energy' and hot spots have been generated, the sur- 
face of the material will soon reach temperatures high 
enough to volatilize it. Generally, this process, called the 
induction lag or ignition time delay, occurs in a very short 
period of time (measured in microseconds). There is no 
standard lag time for explosive material since the induc- 
tion la° is dependent on the composition of the explosive 
mixture. As an example, the liquid, nitroglycerin, begins 
Ui vaporize at only 140°Fj whereas the solid: sulphur, 

requires around 500°F to volatilize. 

With the deflagration process underway, the ener- 
getic material environment takes on a definite layered 
character (Fig. 3). Because the flame rone is the heat 
source that perpetuates volatilisation of the explosive 
it can be viewed as the key layer. The hot ter the flmm 
zone, the more rapid the rate of volatilizaUo^and thus 
the more rapid the rate of decomposition. The gases 
produced bv deflagration of the explosive create a pres- 
sure zone that expands into the surrounding media. 
The pressure experienced in this zone p f *>poi lon f l L 
the rate of deflagration and to the degree ot confine- 
ment of the energetic material. 
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Figure 3 Deflagration zones. 

Ifth« energetic material is unconfin^i /■ 

Words, it is siLting out in the open) pressur^ 
pressure zone rapidly drops to the sLooSL^. tile 
pressure (atmospheric pressure if you areom/ b ? nt 
the energetic material is confined, 
dull hole or steel pipe, the pressure zone’s pres^ ma 

P° f. 0p , t0 anibient pressure until it has first rise* ^ 

: e v ' e ' h ^ h enou ^ to overcome the strength of - W 3 
* S confimn g 11 As the pressure iu the pre/j? eVCr 
increases, it forces the fl am e zone toward SSlp 6 
the energetic material, increasing the rate SheS? ° f 

\°A h r materiai > whl ch results in an increase ilfSf* 
rate of deflagration. ease 1U the 




explosives ENGINEERING 











A good example of deflagration is in the operation of a 
black powder rifle. To represent un.confi.ned decomposi- 
tion, a normal load of black powder, approximately 90 
grams, is placed on the ground. A lead bullet is placed on 
the pile of powder and the powder is ignited. Upon igni- 
tion a large cloud of gases will be created and a smal 1 
noise will occur, but the lead bullet will barely be moved . 
Decomposition took place, but the unconfined pressure 
zone never reached a level high enough to force the flame 
zone toward the surface of the black powder. 



If, however, the same amount of powder were pi aceil 
into a rifle and a bullet firmly pi aced on top of the pc-wt le , 
the energetic material would be confined. Ignition of the 
powder will produce a considerable noise, and the bullet 
will be thrown a long distance. What has happened is 
that the deflagration process remained confined until it 
had generated a pressure sufficient to move the bullet 
down the barrel of the gun. This small increase in pres- 
sure forced the flame zone closer to the explosive and 
increased the rate of deflagration. The increased rate of 
deflagration produced a more powerful release or energy 
frhnn the decomposition of the unGdnfined pile of powder. 

In the above example, the lead bullet had been secured 
in the rifle so that it could not be moved, the deflagration 
process could have become a ^etonation-type decom posi- 
tion. Although it is uncommon for a low explosive to expe- 
rience detonation, it can happen under the proper condi- 
tions. In mast cases the low explosive must beconfinedm 
such a way that the pressure zone s pressure mcreas 
a point where the flame zone is driven into 
material. This is referred to as a 

and is characterized by the propagation ofhot combustive 
th roueh tb e pores of the explosive. 
g For eSpte. m strong pipe is Sited with . tow Mfe 
sive snd the oiplosive is ignitsdat tl« open ^doUW 
rice the explosive will start deflagrating, As. »t - s co 
s limed, the flame front moves deeper 
pressure begins to build up behind it. The piessuic 
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tofasr* ion to detonation transfer. 

buildup occurs because the 
greater distance to trav 
because theyare being get 
position faster than they 
increased pressure bebim 

into Sr r T , - 0rcin S tlot combustion 

w> the explosive material, 

t >• f . Jn i t ^ d '- anc " the hot comb u stive 
internal pressure of the explosive , 
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series of compressive waves of small intensity are pro- 
duced and travel forward into the material. These waves 
are characterized by a front and back slope that arc 
almost identical (Fig. 4A). The propagation of compres- 
sive waves through the explosive material results in an 
even more accelerated pressure and temperalu re 
buildup. Eventually the rate of buildup reaches a point 
where the wave’s peak amplitude (its top) is accelerated 
to a speed faster than the leading edge of the wav e (Fig. 
4B). As the peak of the wave overtakes its leadi ng edge, 
it no longer is a compressive wave but has become a 
shock wave, which is characterized by an almost instan- 
taneous pressure rise at its front (Fig. 4C). At this poin 4 
the explosive material’s decomposition is through deto- 
nation, which is caused by the shock wave. The phs- 
nomenon just described is most often referred to as a 
Deflagration to Detonation Transfer { DDT). 



detonation 

The detonation of an energetic material is a shock- 
wave initiated, self-propagating process in which the 
axial compressive effect of a juxtaposi tinned shock wa ■ 
produces a change of state in the energetic material. 
What a mouthful! One way to look at this is to visualize 
' he shock wave as something that slams into t u. e ^P ^ 
sive so hard and so fast that the explosive material can- 
not move out of the way. As a result, the energy that 
would have moved the material instead causes it a 
undergo certain changes. This change of state <* jbm 
an exothermic chemical decomposition (heat is 
This decomposition then moves through the explosive at 
a rate proportional to the speed of the shock wave, an 
u #1 „ n o t,ha shock wave moving on in front oi it. 

Although it is the shock wave that moves through the 
energetic material, another way of riewing detonation is 
to consider the shock wave as being stationary a i 
energetic material as being in motion. In tlns way the 
shock wave is like a hill and the explosive material like a 
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detonation However, if the ®*g&“ 

has a steep forward <?i H ^ P - . c lJ> _ Jl «:e a hill that 

will slam mto the cliff instead of^ 6 tke mat erial 

The shook of stanmimgSS ever the hill. 

material faster Md the 

the erplosive begins to undergo cheS^f?™' as a resuI ‘ 
Figure 5 illustrates this concern ^ dec0m Potion, 
illustration the shock wave is S55 at in 

matenal is stationary. The shock of tL f th6 . eafergetic 
slamming intQ the explosive initiates thJ T ” fthe w av e 

prof*, then generates enough 

deeompositi on process going. Sy 10 kee P tho 

nothing is EtapI^fttah^olXt^fer* 1 d™ * that 
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Figure G. The detonation process. 

explain what is happening in the detonation process, lb 
better understand what is happening during decomposi- 
tion, we will freeze the detonation process in time and 
view the explosive material as being subdivided into sis 
basic pressure zones. There are those who would argue 
that a more accurate description of the six zones would 
be to base their classification on the material density m 
each zone. For our engineering needs, however, we can 
view the subdivision as six areas m which the material is 

undergoing different changes. 

The most important subdivision is the area where 

shock-induced steady decomposition is taking p me, 
referred to as the initial reaction or Mona!, on**! g* 
6) In the illustration the direction of detonation is from 
1 efL to right; therefore, to the right also means to the 
Front. Thus the initial reaction zonc has to its fnmt t ie 

shock-wave front and to its rear 

shock-wave front is that very small portionot the e*P 

sive where the detonation wave exists. The C-J plain- 
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(Chapman and Jouquet placet is that point whore the 
pressure of the initial reaction zone changes drastically. 

* The pressure profile of the initial reaction zone has its 
hip host pressures at the shock front and lowest at its 
rear edge. It is in this initial reaction zone that the bulk 
of shock-wave energy is generated, which in turn sup- 
ports the propagation of the shock fron L The rear edge of 
the initial reaction zone, the G-J plane, marks the divid- 
ing line between steady and nonsteady decomposition. 
To make things more accurate for the academician, if the 
energetic material is homogenous there is the possibility 
tii at decomposition will be completed in the initial reac- 
tion zone, hut it ain’t likely. 

The zone behind the initial reaction zone is one that is 
rather interesting and is best explained using the concept 
of material density Assuming that there is tip loss of mate- 
rial 01 change in volume in the initial reaction zone 
{remember, you cannot destroy material; you can only 
change if f rom one form to another), then the density of the 
material after detonation must equal the density before 
and during detonation. From the pressure profile in Figure 
6, it is evident that the density of the material in the initial 
reaction, zone is very high. To balance things out, the ran 
e fact ion zone just behind the initial reaction zone must 
have a very low density or a very low pressure. Toward the 
rear of the rarefaction zona the pressure begins to build 
again untfl the secondary reaction, zone is reached, where 
undetonated material undergoes decomposition 

For many high explosives, the initial shock-induced 
decomposition will not be uniform, and as a result some 
of tVie explosive material will remain undecomposed 
nfter the initial reaction zone has passed its location The 
material left in this secondary reaction zone may under 
a local detonation or it may experience a form of rapid 
deflagration. What happen in the secondary reaction 
zone is largely a function of the strength of the initiating 
shock wave and the quality and homogeneity of the ener- 
getic material. These arc key issues for those who wish 
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H „ si2n an explosive train crm-eetlj, tegfeM* lotah 
| ZZJLa of the decomposition method, da major prod- 
. r secondary reaction zone is expanding gases. 
Wd For engineering purposes, these three zones behind 
, bot -V-wave front are the most important; however, 
K also throe zones in front of the shook zone 
in front is the unretmeederpfoswe ma 



Here the malarial is undisturbed and is at norma 
feature and pressure. Just behind this zone 13 the 
\ n ressure buildup zone, where the material first 

any change due to the detonation process. 

BetW ramo * whOT the material first begins to ezpe- 

Jast pnor to 

**■«» onevjay -M9 

der of explosive time wiU be slowed 

observer inside it For ^ can see , h aa r , 

way down so that as you ggg ’ ur potion. At first 
and feel the detonation t that detonation is 

there is no sound, yuu J pressure begins to 

taking place oft to-yo fa sudden the pressure jumps 

build up around f ou - ^ l o 'f eal ofhea t, and everything 
sky high, there tumill gmto a vapocor 

around youis breaking P bearings, the pressure 

gas . Just ggjiS goon you begin to fee 

the pressure slowly about like leaves 
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behind a fast-mavmg car onaoro* their own 
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Figure 7. Explosive pressure curves. 

reality, there is a large number of processes that fall 
between the two end conditions cf deflagration and deto- 
nation, Figure i illustrates this through a plot of pressure 
ve-sus time. These are the same pressure curves v?e have 
been .ooking at, only this time they are backward If you 
move from left to right the detonation curve is like a cliff 
face ant the deflagration curve is like a gentle hillside 
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Without going into more chemistry than is needed, 
intfirsclHin of bssic osplosiv® ingredients can he 
illustrated with two of the chemicals found in black gun- 
powder. The oxidizing chemical in black powder is potas- 
sium nitrate (KN0 3 ) and one of the fuels is carbon (C). I n 
reaction process, the components of the oxidizer are 
separated and recombined with the carbon. The chemi- 
cal equation for this process is as follows: 

2 hi\ 0-^+ C3 — K2CO3 +■ COg +■ 00 + Ng 



Because potassium nitrate supplies concentrated, oxy- 
gen to the carbon, the temperature given off in forming 
carbon dioxide (C0 2 ) and carbon monoxide (CO) is much 
greater than ordinary combustion, where the oxygen (O) 
is supplied by the air. Also, the rate at which the decom- 
position takes place is much faster because of the concen- 
trated oxygen, and thus usable pressures are pro due ed- 
If we were to add the third chemical found in black 
powder, sulphur ,S), a different decomposition process 
would take place. The components of the oxidizer are sep- 
arated and recombined with the carbon and the sulphur. 

formation of a small amount of solid 
marine called potassmm sulphite (K^), large amounts of 

SLwx wl! tC ° 2 X and smaller amounts of the 

the lan ^« Chemists, the 
au.omposit.on of gunpowder would be as follows: 



SGs0 3 +S - 3C 
gunpowder 



K 2 S + 3C0 2 
sal id 



sensitizer +&&33SBSSSF1& ** ' 
Slve ““‘“W ignite, and it does so at f]^ the explfl 
input than the potassium nitrate and cbJh ** W§ 
This pagans that the sulfur facility, n fixture 

Hts ignition of th 



Gunpowder, or makes it more sensitive. 
b One final thought in this fuel/oxidizer relationship is 
, 0 out that oxidization is not moving oxygen atoms 

between elements. It is true that for most explosive chem - 
icai reactions with which the explosives engineer will 
-work, oxygen is the key element in oxidization. In a true 
chemical sense, however, an oxidizer is something that 
irains electrons or lowers its oxidization number in a reac- 
tion, which, means that it does out have to involve oxygei 



energy and by-products 

All t his chemistry is somewhat of a pam, but uac * 
standi ng the basics is vital if correct explosive mixtures 
are to he formed. For example, in making an explosive, it 
is important to combine the right amount of ox.di zcr 
with the right amount of fuel. One way ot looking at tins 
^t^eToiece of paper and place it inside of a glass jar 

paper to mag.0, i 

aUthe pi J * paper, pee 

snied jar and just tn _ s _ f ^ mt at &3cac tly 

would have both the air a ^ ^ have the 

the same time, n t.ms 1 1 Glance 
amamtof air and paporia ^ a «la- 

Aa k the f WgggigK and & 

tionship between the e P . oae t hat provides just 
dixer. The optimum oxidize all the fuel At this 

enough oxidizer to roatcrial *9 

zeroorygen-halaoce^ ■ release wulamiin- 

decompose with a maximu 

mum amount <Wg balanced explosive mixture, 
if you do not hi • happen, One is a loss of 

there aKe l tv '° you do not get as much bang as 

energy; tjgt 1S ?en you had a balanced mixture, 

you could have gotten it - w0rfie; not only will you 

The aeeond possi J ^ uoe a lot of fumes- Many of 

lose power out-of-balance explosive 

the fames resuiui 




Figure 8. Relative energy released, in detonation. 

mixture c sn be hazardous to your health. 

Kit were possible to form an energetic material 
from pure elemen ts of fuel end oxidizer, a zero-oxygen - 
balance mixture would be easy to obtain. This is not 
the case, however. For example, the most common oxi- 
dizers used in commercial explosives are ammonium 
nitrate, sodium nitrate, and calcium, nitrate, all of 
which have the oxidizer element oxygen 10) combined 
ustn other elements. When an energetic material con- 
taining these oxidizers undergoes decomposition, some 
of the oxygen is used up in production of energy rob 
bmg compounds such as NO, N 2 0, and KO a . As w 5 s 
said earlier, this results in an overall reduction in ener- 
gy release and often in the production of toxic fumes 

The common commercial high-explosive oxidize? 
ammonium nitrate (AN), in combination with the faef 
fuel oil (CHo), or ia combination with the sensitizing 
fuel, aluminum (AD, can be used to demonstrate energy- 
r.-icasc relationships. Equations 1 through 3 below show 



j T iTa T-i % r 



the reduction in energy release as you deviate from. the 

zero-oxygen-balance condition. 

Equation 1 is fur a zero-oxygen-balanced mixture an d 
orovides a reference energy release of about S. 8k joules 
(thek stands for Atio and represents 1,000). Equation 2 
is for a fuel- rich, or excess-fuel condition and shows a 
0 53c joule per gram reduction in energy release. 
Equation 3 is for an oxidizer- rich, condition ( too much 
oxidizer) which has a 0.1k joule per gram reduction i n 
energy release. This ind icates that if one were to make 
In ammonium nitrate fuel oil (ANEO) explosive it would 
be better to err on the side of too much £&**. ammoni- 
um nitrate or fertilizer) than too much fuel (fuel oil ). 



equation compound 
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i zero-oxygen-bcslcmce 

Cl) 94.5$) oxidiset to 5.5% iucl 

3NH4NO3 + GH 2 -+ 7HoO + C0 2 + 3i 2 



301 jwlea 



fuel rick 

( 2 ) 92.0% oxidizer to 8.0^ fuel 

2NH4KO3 + CH S — 5H-iO -1- CO i- 2N, 



3,389 joules 



oxidizer rich 

(3) 96.6*0* dfeer to 3.4 * J * 2N0 2 ,510 joules 

5NH a NOj + CH 3 -1 1H 2 0 + CO* * *«* ' 



w ilk sensitizing fuel 



6, 773 joules 
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® ntinn in OH r review of energy release for 

1 'be last equation . _ bc a<Wit [ on of a spe- 

the explosive ANFOin ^o With the addition 

asa saas^asg ara 
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material where zero- 

oxygen-balance energetic materials are oxygen. 

elements ^f^wS^rbon (C), aluminum 

1 0), nitrogen { ), J ryf course these elements will 
\A \\ and magnesium (Mg). Oi eo „f nther ele- 

L components of a compound made up of other ele 

nents. S the decomposition of an a ^ 

^hat contains the dkmentaO, N, a amdC 
products of detonation would be H ?0, CQg, an<liS2* ^ 
energetic materials that contain Al and Mg 30 sensitis- 
ing fuels, decomposition will form stable solid com- 
pounds of their mddes. . „„ rtW 

A graphical representation of this different m en er- 
=rv release, by common products of decomposition of ener- 
getic materials, is shown in Figure 8. The energy-robbing 
nitrogen -oxygen compound bars are drawn bciow the 
horizontal axis to represent the fact, that they absorb 
heal (energy) rather than release it. The two large bars 
on the right side of the chart illustrate the energy- 
release increase resulting from the use of special sensi- 
ti zing fuels (Al and Mg). It is not important to fully 
understand the. chemistry of what is hap paring. What is 



important is to understand the relationship between 
fuels, oxidizers, and sensitizers. 
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CHARGE SHAPE 
CHARGE CONFINEMENT 
PARTICLE SIZE 

Assuming that the perfect explosive mixture has 
been generated and has an ideal geometric configura- 
tion there exist a theoretical detonation velocity and 
detonation pressure. The theoretical detonation velocity 
will be dependent on chemical composition, bulk densi- 
ty, temperature, pressure, catalytic influences, and the 
velocity of the initiation process. The following equa- 
tions establish a working relationship between detona- 
tion pressure, detonation velocity, and the density of the 
explosive mixture*. 

Equation J 

P d = (2.32SxlO- T )xe e xV a 3 

where: Fj = detonation pressure in kilobars 

Vjj = detonation velocity in feet per second 
<f e - density in grains per cubic centimeter 

Equation 2 

P 4 - (2.5x10 lK? e xV d * 

where: - detonation pr essure in kilobars 

v d = detonation velocity in meters per second 

Ft - density in grams per cubic centimeter 

Equation 3 

V d = 3810 (0.392 +e*) 

where: Y d - detonation velocity in meters per second 
£ a = density in grams per cubic centimeter 

NOTE: To convert from bars to pounds per square 
inch (psi), multiply bars by 14.5. 
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important for the serious explosives engineer to resize 
that in almost all situations, density refers to initial den- 
sitv As soon, as detonation occurs, the density oithe 
explosive begins to change throughout. To make this 
problem workable, however, density (S e ) will always be 
tha initial density of the explosive charge. 

From equations 1 and 2 it would appear that as you 
increase the density of an explosive you will ^crease the 
detonation velocity (Vd) and the detonation pressm e CM). 
Tn realitv as you increase the density of a single- compo- 

*a increase' a»«' 

tsd, tt»s& piecas -thrOTigliovJt a. 1 s 

forth* quartz wculdtev^ 

L w if you brio* the fgS gS {g£S 

e.t« all t0 “ h ™ 8 ^now put the crushed quartz into a 

increases, if you _wer e ^ increase the density as 

press and squeeze However vou could not reach 
^increased the (final density of the quartz 

a density greater than the ^ . t 

crystal W*«Wjjjj£ w chaI , ge detonation vetely 
figore 9 f"* 1 in density (gfcrt for soma secondaw 
(km/sec) mth chai g lllustrat cs the change in detona- 
explosives hrlge in density for some 

‘^J^Secundary and primary explosives wH be 

nnvere 4 '^'“ t ne 0 ri?g > application3. the engineer will 

Jhe^i-ingUm^ent tuples, ves 
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density (g;cx ) 
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F if rt 0 * l9cit ***ror secondary explosive*. 

{Aaaptedpvm Johansson and Persson. 1970.) 

made up of two or more components. In most 
component will be own -rich writhe other oxygen. 
4ftWat < or » &■*>• When using multicomponent StAo 

gives, as you increase the density of the explosive von 
will increase the detonation velocity-up to a » 0 L 

, thfir mcrease !J1 density will result in a reduction in. 
the detonation velocity (see Figure 11). 

11 the world were simple, equations 1, 2, and 3 would 






EXPLOSIVES ENGINEERING 







\ 






c 







m* * * ***““ “‘Tp^f^r 

(Adapted from Johansson and Person, 1970 .) 

-m 1 j 1 _ h., 



ma mw - the manufacturer's sp«*u»» 

iictwieteis. Jg ‘ ^ when the ^plosive is com- 

^ISsSiak* Prom the equation to 
p rcss£flii*-oacG - hor^ime is you increase 

would not appeal' to lie a P™b k. ^ ^ detonati cm 

the density you should tie able to mcrease m 
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Figi/re U.Drdamtw/i veludty VB . density for two-ccrapenmi ezplth 
stvg compounds. (.Adapted from -Jchawzmand Persson, 1970.) 

vol^ity and pressure. Tins §$ true up to a point, because 

“« tUr ^ pmea t0 ° dense it will not 
Supporttbe formation of hot spots, and the mixture i« 

T™ I* blasting this can happen 

dynamically when the earlier detonation of holes adia- 

centto a blast hole generates pressures in that hole that 
compress its explosive to the dead-press level " * 

One of the field applications of a knowledge of exnlo 
sive density w to calculate the amount ofexpla^t^t 
e used in blasting. The explosives engineer often 
must ^latethe explosive density fin g/cc) and diameter 
* laches; of the h ast hole to the amount (in pounds! of 
explosive per loaded foot of hole. Another field apnKeJ 
tom of density is m the traditional density/stick count 



EXPLOSIVES ENGINEERING 



The density /stick conn tig a relationship between the 
(tensity of the explosive anil the number of 1 t/4-inch by 
g-inch cartridges contained in a 50-pound case. It should 
be noted, however, that there are few if any 1 l/Uinch by 
g-inch cartridges being manufactured in the United 

States today. 

DETONATION VELOCITY 

As was covered earlier under deflagration and detona- 
tion, the detonation, velocity of an explosive is the speed 
at which the detona tion wave moves through the explo- 
sive. For most of todayh commercial explosives, detona- 
tion velocity ranges from about 5,000 fps for ANf 0 to 
more than 22,000 fps for high explosives such as cast 
50/50 Pentclite. It should also be noted that every exp o- 
sive compound will have a maximum or ideal detonation 
velocity, which is referred to as its hydrodynamic velocity. 
One of the factors that produces a change ind&tona 

ttan velocity (as we have coveted) « *!«*"* 
explosive material. A second parameter that mfluem „ 
detonation velocity is the dmmetcr ofthe explosive 
rWve In general, as the diameter of an explosive 

^sssssss 

namic Ihd the detonation velocity will 

tB red T£mXn The Joint at " hich donation no 
1 FS22gl j|5S illustrates the change in deto- 

oion 0qpflosives, 

detonation PRESSURE 

mBFU ^Il!SS? L m** 
. -»• ' 
^d 2 itabllh a relation*!,, between #&** V**- 
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Figure 1% Detonation velocity versus charge diamete; 

sure, 
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is another 
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eans of ^pressing detonation pressure in terms of dot- 
ona ion velocity and explosive particle velocity, as shown 
raEquation 4 below. Because it is almost impossible to 
determine the velocity of explosive particles in the air (it 

is hard to photograph due to dust and expanding gases)* 






m at 
bE 



V is determined from underwater detonations. 

Equation 4 

P d =0«xV d xV e 

where: P d = detonation pressure in kilobits 

V d = detonation velocity in feet per second 
p - density in grams per cubic centimeter 
V e = explosive particle velocity in. inches 
per second 



As was stated earlier, the detonation pressure will 
shatter objects rather than push them aside. A measure 
of this shattering potential is referred to as the explo- 

sivBS & rtsci tico* 

It is important not to confuse detonation pressure wiuh 
explosion pressure. Explosion pressure is associated with 
the walls of the containing medium after the shock wave 
S “bis is the pressure that enters 
SSL - medium end pushes the material apart. B <• 
also the pressure that expands hot gases outward, forcing 

cxptoior. took place. The explosion pre»ire is atout one 

half of'the maximum detonation press 



SS2S-i as a mea- 
The strength of an exp amount of work it is 

sure of its energy conteitea^the^ ^ ** 

capable of perforim ^ { different grades of 

its greatest ** as f 

dynamite. In this , _ taineTeo f explosives, In 

identification marb g accura te moans of mea- 

reality. however, J do strength classi- 

wi« -I «** 

- s5f£»« »«rr "t<25 3S 

Mature totally disregards the concept of stir ngt 
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cations; however, because it still has applications for 
sotnc explosives, such as dynamites, we will review the 
two basic, traditional definitions. One definition is 
weight strength, or the percentage by weight of nitroglyc- 
erin in the dynamite. For more modem dynamites it is 
based on a comparison of the new explosive with the old, 
straight dynamite. The second definition 15 bulk 
strength , which was an attempt to take into considera- 
tion the infl uence of density. 

The device used to develop strength classifications is 
the ballistic mortar. The ballistic mortar is a small can- 
non suspended on a pendulum. It is loaded with 10 
grsms of explosive, and the resultant swing of the pendu- 
lum, upon initiation of the explosive, is compared to the 
swing of the pendulum when 10 grams of straight dyna- 
mite is used. The limited flexibility of the test makes it 
difficult to compare an explosive whose density varies 
significantly from straight dynamite. 

EXPLOSIVE ENERGY 

Explosive energy is a measure of the energy released 
■Visni the decora fKisiti on ol an explosive mixture. Oneway 
10 define explosive energy is to express it as calories per 
gram (csl/g). Different manufacturers may use different 
units, but they ah arc some form of energy per unit. Tins 
method of defining explosive energy is calculated direct- 
ly from the mixture’s formula. 

A second method of expressing explosive energy is 
f® e< l uate the reaction of the earth’s material (rock) to 
the detonation of the explosive. Ip simplistic terms, 
tins method requires measuring how much materia! 
was th rown and how fast it was moving. This is not an 
easy task, and it is influenced by the nature of the rock 
being Wasted. Also, this is net a widely accepted stan 
dard for measuring explosive energy, and thus most 
explosives engineers need concern themselves oriv 

with ne&t ol -formation values expressed in calnriVl 
per gram. 3 




EX 1*1 iOSIVES ENC: l owe, 



BRISANCE 

Brisance is a measure of a high explosive’s ability to 
shatter a given material, usually sand. In the sand test, 
0.40 grams of the explosive are buried in 200 grams of 
special sand. The explosive is detonated and the amount 
of s and that has been shattered is used as an indication 
of the brisance of the explosive. Other methods used to 
measure brisance are: the plate dent test, where tl ■ size 
of the dent produced by the explosive is used as an indi- 
cation of brisance; the epppse cylinder contraction test, 
where the reduction in length after the explosive has 
been detonated on top of the cylinder indicates brisance; 
and the explosive projectile test, where the number, size 
distribution, and fragment velocity of an exploded pro- 
jectile are used to indicate brisance. 



SENSITIVITY 

In the introduction to this book, I stated that there 
are four basic methods of initiating or starting explosive 
decomposition. Because we. are interested primarily in 
detonation, the preferred method for initiation is 
through a shock wave that is of sufficient velocity to 
cause our explosive charge to undergo detonation, I hue 
our interpretation of sensi ,i vi iy is the relative amount 
of shock energy required to cause an explosive to deto- 
nate." For basic applications, the source of the detona- 
tion shock wave is a standard bias tin g-cap-type initia- 



liQYl (iQVJCG. 

In designing an explosive mixture, the aim is to make 
it sensitive to shock initiation from a blasting cap but 
relatively insensitive to other forms of initiation such as 
h* a t friction, and impact. One of the most prevalent 
methods of identifying design sensitivity is to measure it 
bv the size of blasting cap required to initiate the expto- 
* e The standard m the United States is the No, 3 
hl^fiiie cap, A more accurate laboratory menus cl deter- 
mining sensitivity is to use a fixed amount of standard 
primary explosive such as PETIV. 
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A close relative to explosive sensitivity is explosive 
sensitiveness. Explosive sensitiveness is fl mess me of sm 
explosive’s ability to propagate detonation across an air 
gap. One way of measuring this is to divide a 1 1/4 -inch 
by 8- inch stick of dynamite in half and separate (end to 
end.) the two halves by a fixed distance. One of the halves 
is then initiated and a determination is made if the sec- 
ond half was initiated over the air gap. This is continued 
at varying distances until the maximum distance (in 
inches) over which the initiated half stick will cause the 
second half to detonate is determined. This maximum 
distance is a measure of the explosive’s sensitiveness. 

FUMMABILJTY 

Flammability is much like sensitivity; it is a determi- 
nation of an explosive’s sensitivity to being ignited by 
heat. This is a relative measure of the amount of heat it 
takes to cause the explosive to burn hut nor detonate. 
There is a level of heat that, if reached, will cause the 
explosive to detonate; it is referred to as the critical tem- 
perature of the explosive. 

PERM1SSIR11JTY 

Permissibility is a go/no go measure of an explosive’s 

&bit: ty to he used safely in underground gaseous mines. 

That >s to say, an explosive is either a permissible or it is 

nor a permissible. Permissible explosives are designed to 

minimize the temperature, volume, and duration of their 

flames. By reducing the explosive’s flame parameters it 

reduces the likelihood of the flame igniting gas or dusts 

: r, the mine. Permissiblea find their greatest application 

m coal mines, where methane gas and coal dust are a 
T&ai hazard. 

WATER RESISTANCE 

The water resistance of an explosive is a measure of 
how many hours it can remain submerged in still water 
and Still be detonated. Basically, this is a measure ofbow 
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^ an explosive keeps water from penetrating its ingre- 
dients and decaying their sensitivity. La this test, both 
the explosive package or wrapper and the composition of 
the explosive itself are employed in keeping the water 
from penetrating the explosive. This measurement is ia 

relative terms of good, fadr, poor, etc. 

It is important to realize that the test to determine an 
explosive's water resistance is conducted in still , rela- 
tively pure water and at low pressures. In the field, the 
•water that fills blast holes may be acidic and, at the hot- 
tom of the hole, the hydrostatic pressure may be very 
high (depending on the depth of the water). 



FTIME CLASSIFICATION 
In the industrial application of explosives, .the 
sas-eons by-products of an explosi on are referred to as 
smoke and fames. Smote is made up 

and solid products of combustion. b " m€£ ’° r ^ n h ^ 0 „ 
band, are the gases of combustion such as ^arbon 
ide. Those of interest in generating fume classification 

classification schemes for industrial 

explosive. Permissibles class ^ tf 

produce 54-106 ^^SS^Laasbifthoy 
explosive, noxious gases per ^rtrulge 

P^duco O-W-O-M “t iSles are classified as Class 2 .f 
of explosive. Nonpeim ^ ofncJ d 0 us gases per car- 

they produce 0.17 • Nonperrnissi bles are classified as 

gases per cartridge of explosive. 

CHARGE SHAPE , 

SO far to cur treatment of eaplom res. aU 
fixtures were taken to be cylindrical. in tms g« 



phvsick of kxplosivbs 



ar> 



configuration, there is a definite relationship between 
charge diameter and 1c nglm. This relationship is con- 
i , -oiled fry the reaction products’ lateral expansion and 
therefore their need for room to expand appropriately It 
has been shown experimentally that most com mercial 
explosives require a charge length that is four to five 
times the charge diameter to support optimum detona- 
tion. This is another of the key parameters in designing 
an explosive train. 

In 1883, C.E. Munroe discovered a second area where 
the charge shape influences explosive performance. By 
indenting one end of a column of explosives and igniting 
the opposite end, Munroe was able to obtain a high-veloci- 
ty plasma. This plasma proceeded from the inden ted end 
of the charge at speeds greater than the detonation veloci- 
ty ci the explosive. This phenomenon is referred to as the 
Munroe Effect , or a shaped charge. If a metallic material is 
used to line the surface of the indentation, the plasma 
generated will he of higher density and thus posses far 
greater energies. Good explosive parameters for the explo- 
sive engineer to know and understand. 

CHARGE CONFINEMENT 

Another factor that can influence explosive perfor- 
mance is ’;he degree of confinement of the explosive 
charge. In the equations for detonation pressure and 
velocity, it is assumed that the charge is totally confined. 

I his means that in the equation no allowance is made for 
joss of heat or the release of explosive products. In : ust 
tee reverse ofthe confinement assumption, the equation 
assumes that there are no lateral confinements to the 
passage oi the detonation wave. In essence, these con- 
finement factors tend to cause the real world values of 
detonation pressure and velocity to be less than those 
produced by the equations. 

PARTICLE SIZE 

A last parameter that influences explosive perfor- 



36 



EX PLOSrV BE ENGINEER! No 



rnance is the particle size of the explosive. If you reduce 
the particle size but maintain the same density, the deto- 
nation velocity will increase. This is becau se as you 
decrease the particle size you introduce more particles to 
the mixture and in so doing increase the surface area 
avail ai de for decomposition. 

One area where this phenomenon is quite p: rev a 1 e n 
in the use of ANFO, The shipping, mixing, and loading of 
ANFO can cause reduction in overall particle size. It k 
also interesting to note the influence of reduced particle 
siae on the sensitivity of ANFO, which is a key parents 
ter for the explosives engineer. 
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Chapter Five 








number of Explosive character sti 
have been introduced to aid in dmin- 
guishing between differing explosive 
materials. In this chapter, explosive 
materials will be addressed under 
four groupings, based primarily on 
their utilization. The first contains the 
high explosives, winch are common- 
ly referred to as primary explosives. 



■ 



The second group is made up of those high explosives that 
are called secondary explosives. The third group are those 
high explosives used in industry. The fourth covers a few 
of the more common m i lit ary explosives. 



PRIMARY EXPLOSIVES 

Primary explosives are energetic materials that are 
sensitive to initiation by heat, spark, impact, or friction. 
Their primary application is as the First demon t in an 
explosive train, which is a sequence of explosive materi- 
als varying in sensitivity. The first element, called the 
primer , is the most sensitive and is used U> initiate the 
second element, often called the booster. The booster 
adds energy to the detonation wave generated by ths 
primer and is used to initiate the main charge of thr 
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Figure 13. Primary explosives 



explosive train. The main charge and the booster are sec- 
ondary explosives and are not as easily ignited as the 
primer, winch is a primary explosive. 

There are times when one or two other elements -are 
added to '.he explosive train. One such, element is a 
delay, which is designed to prevent detonation of the 
booster for a specific period of time after the primer has 
been fired. The other is a relay, which may be needed to 
strengthen the shock wave of the delay so that the boost- 
er or secondary explosive can be initiated. 

Although primary explosives are by far the most dan- 
gerous energetic materials because they are so easy to initi- 
ate, they do have applications in other areas. For example, 
most, matches ma k& use of friction- sensitive compounds in 
the match head. Also, many toy caps, toy torpedoes, and 
similar devices used for generating noise make use of pri- 
iiKuy explosives. To some extent, one might say that these 
applications of primary explosives existed before they were 
used in the explosives industry. It should be noted, howev- 
er, that in all of these non industrial applications, the pri- 
mary explosive is used in very small amounts. 
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There is a vast array of energetic materials that fails 
wader the sensitivity classification of primary explosives. 
When the complexity and extent of primer explosives are 
multiplied by all the different ways manufacturers use 
initiation devices, tho subject becomes extremely volumi- 
nous* Rather than cover all these materials and their 
applications, we will concentrate on only those most. com- 
monly used in the construction of such Initiation, systems: 
as blasting raps and primers. Figure 13 cental ns some of 
the physical attributes of common primary explosives. 

For most explosives engineers, the information in 
Figure 13 is of little use outside of academic in terests. 
The average explosives engineer will use com merciaUy 
manufactured ignition systems sped fi ca 1 ! y desi r 
ignite the booster or secondary explosive being used. 
However, for those -who may find the need for designing 
the entire explosive train themselves, the information in 
Figure 13 is of great value. 

For example, in designing the pri mer explosive com- 
pound, it is important to know which secondary or boost- 
er explosives can be initiated by which primary explo- 
sives. Figure 14 illustrates the relative efficiency of vari- 
ous primary expletives m initiating some of the more fre- 
quently used secondary explosives, From Figure 14 it is 
evident that if the secondary explosive is PETN, then 
mercury fulminate would be the optimum primary explo- 
sive. The least desirable primary explosive, if PETN is 

the secondary, would he tetraceoe. 

Of course it is also important to know which trigger- 
ing mechanism or initiation method is optimum tor the 
primary explosive. That is to say, it is important to know 
how you plan to initiate the primary explosive— by 
name, shock, spark, or friction. In the previous example, 
mercury fulminate is used as the primary explosive to 
initiate PETR Based on Figure 15, mercury fulminate is 
most sensitive to impact, which would be the ideal trig- 
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Figure 14. Primary explosives* utility. 

of a train of explosives. These mixtures may or may not 

Slhfl^TT CXpl0 f ’ e W^nts. Because they are 
at of an explosives train, however, they are 

included in this text. The two most common initiation 

systems that fall into this category are friction primers 
and percussion primers. primers 



Friction primers 

Fnction primers are any device composed of an ener 
^tu. material which uj capable of producing a flame from 

. C , J ' ° n > ej ^ ^ f Actional primer material common to 

f is the kitchen match. When usedTfleld 

expedient applications, the kitchen match does have 
explosives application as a primer. However, the friction- 
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al primers of interest here arc those used to light fuze- 
pyrotechnics, or propellants. ’ 

The most common friction primers are those that 
translate push or pull energy into frictional energv This 
is accomplished by movement of a rod or wire through a 
friction-sensitive compound. To accent the production af 
friction* the rod/wire may be roughened or granule r 
material may be added to the explosive compound 
Listed below are the percentage of composition and par s 
composition for three typical friction primer compounds. 

Two- Component Mixture; 

Potassium Chlorate = 66.6 percent (about 2 parts) 

Antimony Sulfide = 33.4 percent (about 1 part) 



Four-Component Mixture: 

Potassium Chlorate = 56.2 percent {about 6 parts) 
Antimony Sulfide = 24.6 percent (about 3 parts) 

Sul fur = 9.0 percent (about 1 part) 

Ground Glass = 10.2 percent (about 1 part) 

Five -Component Mixture: 

Potassium Chlorate = 44.6 percent (about 12 parts) 
Antimony Sulfide = 44.6 percent (about 12 pails) 
Sulfur ~ 3.6 percent (about 1 part) 

Ground Glass = 3.6 percent (about 1 part) 

Metal Powder - 3.6 percent (about 1 part) 

Percussion Primers 

Percussion primers contain an energetic compound that is 
impact sensitive and, when struck by a firing pin or similar 
device, produce a very hot flame. Most percussion primers 
have the explosive compound contained in a small metallic 
cup, The primer compound is wet mixed and pressed into the 
cup, If needed, an anvil foil is inserted into the cup and then 
Lb« primer cup is set aside to dry. Thi3 type of primer is most 
often referred to as a Boxer primer. If the primer does not con- 
tain an anvil it is called a Berdan primer. 
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Figure 15. Primary explosives’ sensitivity. 

1 or the Boxer primer a stiff, convex, two- or three- 
leaf circular metal foil is pressed into the cop after the 
primer material. This metal foU is bent so that the center 
ts m contact with the primer material and the outer 
eege* ot the leafs are secured to the rim of the cup In 

2? Wa3 J he of the foil acts a * 311 aavil when the 
outer surface of the cup is struck by a firing pin 

0 ut “ lze tte Percussion primer, the primer cud is 
pressed into a well designed to hold it. When Boxer 
pnmers are ^used the primer well has a hole drQled S 

. 1 “ nter rbis h[jle Provides an avenue for the hot 

primer fl ame to pass through to the booster charge or to 
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the explosive powder of a small arms, round If the 
primer does not contain its own anvil (Berdan primer) 
the center of the base of the primer well is raised Lo func- 
tion as the anvil. In this case the flame ports in the 

pmner well are located off-center. Figure 16 illustrates 
the basic Boxer percussion primer design. 

Four typical percussion primer explosive mixtures 
are listed below; 



PRIMER TYPES PRIMER INGREDIENT 





A 


B 


c 


D 


Mercury Ful ‘ornate 


43,8% 


ii.o% 






Potassium Chlorate 


25.0% 


52.5% 


53% 


50% 


Antimony Sulfide 


26.2% 


36.5% 


17% 


20% 


I,ead Thiocyanate 


■ ■1*1 


« s h a 


25% 


til 


Lead Peroxide 


till 


ft i li i» 


... 


25% 


TNT 


+ V 1 ■ 


■ft « * + 


5% 


5% 



SECONDARY EXPLOSIVES 
If a delay and/or relay is not used in the explosive 
train, the explosive most often following the primer is a 
booster, which is a secondary explosi ve. The booster is 
less sensitive to initiation than the primer but. is more 
sensitive than the main or, as it is sometimes called, 
bursting charge. The booster's role is to add detonation 
energy to that of the primer, thus bringing it up Loa level 
sufficient to initiate the main charge. 

Booth the booster and the main charge are secondary 
explosives. As a secondary explosive they differ from pri- 
mary explosives in three basic ways, The first is the sec- 
ondary explosive's insensitivity relative to the primary 
explosive. In other words, it takes more initiation energy 
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Figure 16 . Percussion primer. 



^T y E f l0sives 10 detonate than it does pri 
rZ XPl ? VeS ; A " eC0nd ^^rence is that secondary 
deflaLIr d0 n0 ‘ normail y undergo a DDT [remember: a 
sivesVdatr det0natl0Q tr ^fer). Secondary explo- 
pik lf£ Z^T„ ltivity t0 fc y electrostatic 

" fenmce between ** *■ 

that ^ range of ' energetic materials 

to l ist all of them ^gXerSX ^ 17 6Xplosive 1 S) 100 man * 
sives can be divided iS^ ' secomlaiy explo- 

and examples of«i« JiS™ 11 ba . 31c ^ 0U P 9 - K ach group 
P presenUtive explosives are listed below. 
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1. Aliphatic Nitrate Esters: 

nitroglycerin 

PETN 

2. Nitraminm: 

HMX 

RDX 

tetryl 

3. NitroaromaUcs: 

ammonium pic rate 
TNT 

4. Ammonium Nitrate 

5. Binary: 

amatol 

C4 

6. Ternary 

7. Quaternary 



COMMERCIAL : 
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There are numerous domestic and foreign manufac- 
turers of explosives. Often their products are identical h 
performance, even though they may have differing 
names. To try and reduce the complexity of describing 
commercial explosives, individual manufaelu rer's names 
will not be used in the f ollowing section. Instead, the 
explosives will be grouped into classes based on their 
overall general properties. 



Dynamite 

Dynamite originated when Alfred Nobel mixed nitro- 
glycerin with clay, sawdust, and a mixture of the two. 
Since that time the composition and nature of dynamite 
have changed dramatically. Many ingredients have been 
incorporated into the composition, producing dynamites 
that today are safer and better designed hi cover a multi- 
tude of missions. 

If you do not include all of the various indi vidual man- 
ufacturer modifications, dynamite can he subdivided 
into three hasic classes. The first class is referred to as 
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granular dynamite due to the granular texture of the 
material. This class does not contain nitrocellulose. The 
second class of dynamite is called gelatin dynamite. This 
class of explosive does not have a granular texture but it 
does contain nitrocellulose. The third class is a granu lar 
dynamite (ammonia dynamite) that contains a small 
amount of nitrocellulose, called semigelatin dynamite. 
Figure 17 shows the relationship between the ingredi- 
ents of dynamite and the resulting dynamite type, and 
Figure 18 lists typical commercial dynamite parameters. 



Water Gels 

Water gels are high explosives that do not contain 
nitroglycerin. First manufactured by Du Pont in 1958 
under the trade name Tbvex, water gels offered a consid- 
erable increase in safety over dynamites. As water gels 

became more popular they took on the industrial name of 
slurry explosives. 

In general, slurry explosives are made up of four basic 
in;. 1 1 dient types. The oxidizer for slurry explosives is 
must oiten AN or AN + NOS, and the fuel is TNT, alu- 
m m um powder, nitric add, or nitrome thane. The gelatin 
su stance in water gels is guar gum, a sugar derivative. 

I hese ingredients are then held together as a mixture bv 
the cross-hnsmg agent potassium dichromate. 

. , _ th f f ost P art > water gels are of a lower density 
i v TV ° dyn£ T tes 311(1 have s lower detonation velori- 
^ , y ^2 much safer - however, and when compared to 

deion as mg afier ‘ ts th ey have higher density, higher 
®,. 0n floaty, much higher detonation pressure 

and letter water resistance. 

Blasting Agents 

be SfdTw 2? “ I>lt,3iTC “!»PO»a<ls that cannot 

That is 10 say «*' two 
nM . nt& ^ d hla ^tiag agent are by themselves 

P ives; when you mix them together, however, 
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they form an explosive mixture. The most common blast- 
ing agent is ANFO, which was covered in Chapter 3. 

The chemistry and physics of ANFO are detailed enough 
that it would take a separate text to cover all aspects. For 
the explosives engineer it is important to realize that the 
key factors affecting ANFO performance are: 

(1) Zero Oxygen Balance. An out-of-balance mix of 
fuel and oxidizer will result in loss of energy and produc- 
tion of toxic fumes. 



(2) Charge Density. An increase in density results in an 
i ’icrease in detonation velocity and a decrease in sensitivity. 

< 3 ] Particle Size. A decrease in particle size results in an 
increase in detonation velocity and an increase in sensitivity. 

(4 ) Percent water. A very 1 ittle amount of water will 
decrease detonation velocity and sensitivity, and :ust a 
little water will stop detonation. 

(li) Confinemeat. An increase in confinement will 
result in an increase in detonation velocity and an 
increase in sensitivity. 



(6) Charge Diameter. An increase in charge diameter 
of up to 9 to 10 inches will result in an increase in deto- 
nation velocity. An increase in charge diameter will 
reS ?T 2? f. dec ^ ase m sensitivity up to about 5 inches. 

( ) Pnmer Strength. An increase in primer strength 
ixiJl increase cetonation velocity up to a point. 



Emulsions 

maSSSSh! ffT C0 “ m f cial ^sives now on the 
, . is the family oi explosives called emulsions An 

emulsion is a liquid that is a mixture of two liquids That 

to t0 rV He tW ° hquids in the emulsion are mixed 

separate 0ne of thc easiest ways to 
TOuahze fctus is when a small amount of oil is put into a 

jar Oi w ater and the jar is shook. The oil forms small 

r 1 throughout wJSJ.ss 

leads of oil could be made very small and if they could h* 

emu A ed thr ? U ? hout the you would have an 

ulsion. An emulsion explosive is made up of a liquid 



50 



EXPLOSIVES ENGINE RHINO 



oxidizer internal phase (like the small oil beads') 

5fb iqU1 ^ cont inu°us fuel phase (like the water! 

thaUhei te* P\ SiCal ^ rOPertieS of 1 emulsions is 
mat they do not have to be a liquid as we chink of a lia 

COntmuou3 P hase is the predominate 

siS Th^ « dlCt f ® S the physical natur e of the emul- 
sion. Thus an emulsion may flow like a thick liquid or it 

naW^th 1 * StiffpUtty ' Also > because of the 

nature of the ingredients in an emulsion, their physical 

SSf over a rather wide ££ 



One of the advantages of emulsions is the fact th at 
they are quite insensitive, yet once initiated have good 
detonation velocities. One reason for the good detonation 
velocities is the fact that the emulsion is made of very 
me particles that are in a very uniform distribu tion 
iins means that the detonation process is more uniform 
than with granular or solid explosives, wherei n the 
material is not uniform. 



Military Explosives 

The military use of explosives ranges from ANFO to 
exotic experimental explosives with high molecular den- 
sities. Because we have already covered many explosive 
-ypes, only those explosives with a unique nnhLary use 
will be discussed, 

(1 ) Military Dynamite. Military dynamite is unique in 
its high RDX content (75 percent), which results in a deto- 
nation velocity of around 20,000 fps. Because of the diffi- 
culty in obtaining this grade of dynamite, it probably will 
soon be phased out of the inventory of military explosives. 

(2) Trinitrotoluene (TNT), trinitrotoluene is the most 
widely used military explosive. Its primary use is as a 
booster charge or as a demolitions charge. 

{3) Amatol. Amatol is an explosive m ixture made up of 
ammonium nitrate (SO percent) and TNT (20 percent). It 
is used as a more economic substitute for TNT Because 
ofits poor water resistance, however, it does not have as 
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wide au operational mission area as TNT. 

(4) Composition Explosives. Composition explosives 
are a unique form of military explosive consisting of two 
or more materials: 

A3 = 91 percent RDX, 9 percent wax. Used as a boost- 
er charge in demolition devices and as a main charge in 
some projectiles. 

B = 60 percent RDX, 39 percent TNT, 1 percent wax. 
Used most often as the main charge in shaped charges. 

B4 - 60 percent RDX, 39.5 percent TNT, and 0.05 per 
cent calcium silicate. Used in shaped charges and other 
demolitions devices, 

C4 = 91 percent RDX, 9 percent nonexpiosive plasti- 
cizers. Used as a burster charge and as a main demoli- 
tions charge where high detonation velocities are 
required. 

_ ^ Tetryioi . Tetrytoi is made up of 75 percent tetryl and 
25 percent TNT. It is most often used as a demolitions 
charge that is more powerful and brisant than TNT. 
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Chapter Six 







be testing- of explosives is a difficu t 
somswliaf, dangerous undertak- 



ve 



engineer das sought methods for analy 
M sis of his explosive concoctions. The 
methods devised by engineers are as 
diverse as the engineers themselves. 
Rather than go into all types of 
testing, only those tests most fre- 



quently used by industry will be covered in this chapter. 



IMPACT TEST 

The impact test consists of placing a fixed volume of 
material on a solid surface (anvil) and then dropping a 
known weight from a known height onto the explosive. 
Variables in this test are how much the weight weighs 
and how high the weight is above the anvil. 

For the most part, all of the variables in the impact 
test are well controlled, especially when the test is con- 
ducted on an Explosive Research Laboratory (ERL1 or 
Picatinny Arsenal machine. The minimum height that 
causes the explosive to detonate or the product of the 
minimum height and the weight’s weight is used as a 
measure of impact sensitivity. 
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And her impact test is called the flying plate test. In 
this test a metal plate is explosively driven against an 
explosive sample. The velocity of the plate is a measure 
of the explosive's sensitivity to high-velocity impact. 

SPARK (ELECTROSTATIC) TEST 

The spark test is used to determine the sensitivity of 
an explosive to a spark. In this test the explosive is sepa- 
rated from an electrode by an air space or gap (there are 
many different devices to do this). The energy from a 
capacitor or other device is discharged through the elec- 
trode, resulting in an arch or spark jumping to the explo- 
sive. The explosive’s sensd Livity is a measure of the ener- 
gv cumned into the electrode. 

FRICTION TEST 

The friction test is used to determine an explosive’s 
sensitivity to friction, which is of considerable interest 
during manufacturing. One method of conducting this 
test Is to use a pendulum and anvil. The explosive is 
spread out on the anvil, and a specially designed weight 
(shoe) attached to a pendulum arm is allowed to swing 
back and forth across the anvil. Sensitivity to friction is 
measured by the number of snaps, cracks, ignitions, or 
explosions resulting from the interaction of the pendu- 
lum shoe and the explosive. 

GAP TEST 

The gap test is used to determine an explosive’s sensi- 
tivity to shock or, as was related earlier, its sensitive- 
ness. Exp) osive sensitiveness is a measure of an explo- 
sive's ability to propagate detonation across a gap. One 
method of testing is a measure of the maximum distance 
(i n inches,) over which one half of a stick of dynami te will 
cause the other half to detonate. Another testis to sepa- 
rate two explosives by an inert material mid initiate one 
explosive. The maximum thickness of the inert spacer is 
h measure of the explosive’s sensitiveness. 
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HEAT TEST 

In the heat test, approximately 5 milligrams of explo- 
sive is placed on a melting point bar and heat is applied. 
The minimum temperature at which the explosive flash- 
es is the cook-off or flash temperature. 

ENVIRONMENTAL TEST 

There are a number of tests that fall under th is head- 
ing. One series of tests is to cycle the temperature and 
humidity and record the effects on the explosive being 
tested. When extreme temperature changes are made, 
the explosive sample may undergo physical changes th at 
adversely affect its sensitivity or effectiveness. 
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y intent has been to present i « as 
concise a manner as possible an in tro- 
dnetion to the complexities of explo- 
sives. The purpose of this text is to edu- 
cate those %vho have a serious 
interest in working or experiment- 
ing with explosives. It is my observa- 
tion that, the re are many i ndividu- 
als who claim to be explosives ex- 



perts, yet in truth they are only dangerous people. If all 
you want to do is see dirt fly and hear a load noise, these 
so-called experts can probably get the job cone — just be 
careful around them. However, if you arc someone who 
truly wants to understand the properties of explosives, 
then I hope you will use what you have learned in this 
text as an introduction to the world of explosives. 
Continue to study what true experts have to say and 
make it a point to apply this knowledge in a safe manner. 
Killing yourself because you failed to take the time to 
understand explosives and their proper handling is 
stupid, but killing or harming someone else with explo- 
sives is unforgivable. 







Don’t be misled by the tech- 
nical title of this book — Explo- 
sive Principles is a readable, 
easy -to -understand primer on 
the nature of detonations, as 
well as a concise louk at the 
basic but often overlooked tech- 
niques that professionals use to 
maximize the performance of 
primary and secondary explo- 
sives to get any job clone right. 
A must for demolition person- 
nel, amateur “powder monkeys.” 
or anybody interested in things 
that go bang. 

For information purposes only. 
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